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Methods
Exome sequencing and data analysis
Whole exome sequencing was performed using the TrueSeq Rapid Exome kit, Illumina HiSeq3000 system and the cBot cluster generator. Burrows-Wheeler Aligner was used to align reads against version 19 of the human genome as a reference. VCF.Filter tool 1 was used to filter out variants (annotated by SNPEFF) with a minor allele frequency (MAF) >0.01 in 1000 Genomes, ExAC or dbSNP. An internal database was also used to filter out recurrent variants. In the resulting list of variants homozygous changes were then subjected to prioritization using the combined annotation dependent depletion (CADD) tool 2 to predict deleteriousness.
Sanger sequencing
Validation and segregation of the GP130 variant P498L was performed on DNA from P P498L and family members by Sanger sequencing. DNA from the deceased sister and twin brothers was not available. The following primers were designed for amplification and sequencing: Forward: 5'-CCGAACAGTAGGTCCTTTGG-3', Reverse: 5'-CCACTGCATTGGCAATACTT-3'.
Patient-derived cells and KO cell line
T Lymphoblasts: T Lymphoblasts were generated by feeder cell-mediated T cell expansion. Irradiated feeder cells (PBMCs and JY cells) were added in a 1:1 ratio to patient PMBCs in T cell media (RPMI 1640 (Gibco) + 5% human serum + 1% penicillin/streptomycin + 1% Hepes) supplemented with IL-2 (100U, ImmunoTools) and PHA (1μg/ml; Sigma). T cells were allowed to expand for two weeks.
Epstein-Barr virus transformed lymphoblastoid cells (EBV-LCL):
PBMCs freshly isolated from the patient, mother and healthy donor blood were incubated with EBV virus supernatant for one day followed by addition of 1 µg/ml cyclosporin A. Cells were grown in RPMI 1640 medium (Gibco) supplemented with 10% heat-inactivated fetal bovine serum (HI-FBS), 1% L-glutamine and 1% penicillin/streptomycin (all from Invitrogen). CRISPR/Cas9 GP130 KO HEK293 cell line: The GP130 KO HEK293 cell line was established in house as described previously 3 . Cells were grown in DMEM with glutamine (Sigma) supplemented with 10% FCS (Sigma), 1% sodium-pyruvate (Gibco), 1% non-essential amino acids (Gibco), 1% penicillin/streptomycin (Gibco).
Plasmid and lentivirus production for reconstitution experiments
pcDNA3.1(+) vector coding for wildtype (WT) or mutant GP130, and wildtype IL-6RA and IL-11RA were purchased from GenScript and expanded in Stbl3 E. coli (Thermo Fisher) according to standard protocols. Plasmids were purified using the EndoFree Plasmid Maxi Kit (Qiagen) or E.Z.N.A.® Endo-Free Plasmid Maxi Kit (Omega bio-tek).
For ectopic expression of WT IL6ST in patient-derived fibroblasts, infectious lentiviral particles were generated as described previously 3 with some adaptations. pLENTI7.3V5-DEST (Geneart; Thermo Fisher) carrying WT IL6ST was co-transfected into HEK293 cells using Lipofectamine2000 (Invitrogen) and the ViraPower lentiviral packaging mix (Invitrogen) according to the manufactures' instructions.
HEK293 cell supernatants were filtered by passing through a 0.45μm filter and added to primary fibroblasts in 6-well plate cultures. Transduction efficiency was ∼70% based on EmGFP expression.
After 24 hours incubation cells were serum starved for 2 hours, followed by cytokine stimulation and p-STAT staining, as described in the Methods section of the article.
Transcription factor profiling
The expression of T cell lineage-specifying transcription factors was analyzed following surface and intracellular co-staining of 0.5-1x10 6 total PBMCs. Cells were stained for surface markers and for the exclusion of dead cells as described below, fixed and permeabilized using the transcription factor staining buffer set (eBioscience), followed by flow cytometry analysis. The expression of transcription factors was detected with the following antibodies: FOXP3, GATA3, RORγt and TBET.
TSNE-clustering
t-Distributed Stochastic Neighbor Embedding (TSNE)-based analysis was performed on FCS files compensated for spillover between channels and gated on live CD3 + CD4 + CD8or live CD3 + CD8 + CD4single cells and randomly down-sampled to 10.000 (CD4 + ) or 3000 (CD8 + ) cells per sample. Individual FCS files were then concatenated to generate a single FCS file and subjected to tSNE unsupervised analysis using the FlowJo (Treestar) tSNE plugin 4, 5 . The settings were: Iterations = 1000; Perplexity = 200; Eta = 20; Theta = 0.5. Clustering was performed on the following parameters: CD45RA, CD25, CD127, CCR4, CCR6, CCR7, CCR9, CCR10, CXCR3, CXCR5 and CRTh2. All patient T cell analysis were compared to matched 12-year old healthy donors samples (p.P498L) or 7-year old healthy donor samples (p.N404Y) that were stained and acquired on the same day.
Statistical analysis
In cases when three or more independent experiments were performed, an unpaired two-tailed student t-test or Mann-Whitney-test were performed on Prism (version 5 or 7; GraphPad software, Inc.).
Protein sequence alignment
Clustal Omega 6 was used to align multiple sequences from different species: NP002175 (Human), NP_001252920 (Macaque), NP_034690 (Mouse), NP_990202 (Chicken) and NP_001106976.
Supplementary Tables   Table S1. List of Antibodies used for p-STAT assays, GP130 expression, extracellular surface staining, intracellular cytokine staining (ICCS), transcription factor (TF) and chemokine receptor (CCR) profiling. 
Antibody-Fluorophore
GP130-BV421
AM64 BD Biosciences   Table S2 . NIH-HIES score calculated on the basis of the clinical manifestations of P P498L . * The nonsynonymous variant in APC (p.E1317Q) has been described in some patients with familial forms of polyposis coli and colorectal cancer in heterozygous forms 7, 8 . The penetrance is not complete and homozygous forms have not been evaluated. 
Clinical Findings P P498L Highest serum-IgE level (IU/ml)
Figure S7.
Bar graph summary showing percentages of cells expressing TBET, GATA3 or RORγt within CCRenriched Th-cell subsets and CD3 + CD4 + CD25naïve T cells: mean + SD: HD: n = 23, P P498L : n = 5 independent replicates from PBMCs isolated at two distinct time points and at 7 and 4-month distance, P N404Y : n = 3 replicates from 2 independent experiments and PBMCs taken at 5-month distance. Mann-Whitney test; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
